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Objective
To examine the clinical efficacy and safety of ertapenem, a
novel �-lactam agent with wide activity against common
pathogens encountered in intraabdominal infection.

Summary Background Data
Ertapenem has a pharmacokinetic profile and antimicrobial
spectrum that support the potential for use as a once-a-day
agent for the treatment of common mixed aerobic and anaer-
obic infections.

Methods
This prospective, randomized, controlled, and double-blind
trial was conducted to compare the safety and efficacy of er-
tapenem with piperacillin/tazobactam as therapy following
adequate surgical management of complicated intraabdomi-
nal infections.

Results
Six hundred thirty-three patients were included in the modified
intent-to-treat population, with 396 meeting all criteria for the
evaluable population. Patients with a wide range of infections
were enrolled; perforated or abscessed appendicitis was

most common (approximately 60% in microbiologically evalu-
able population). A prospective, expert panel review was con-
ducted to assess the adequacy of surgical source control in
patients who were failures as a component of evaluability. For
the modified intent-to-treat groups, 245 of 311 patients
treated with ertapenem (79.3%) were cured, as were 232 of
304 (76.2) treated with piperacillin/tazobactam. One hundred
seventy-six of 203 microbiologically evaluable patients treated
with ertapenem (86.7%) were cured, as were 157 of the 193
(81.2%) treated with piperacillin/tazobactam.

Conclusions
In this study, the efficacy of ertapenem 1 g once a day was
equivalent to piperacillin/tazobactam 3.375 g every 6 hours in
the treatment of a range of intraabdominal infections. Ertap-
enem was generally well tolerated and had a similar safety
and tolerability profile to piperacillin/tazobactam. A formal pro-
cess for review of adequacy of source control was found to
be of benefit. The results of this trial suggest that ertapenem
may be a useful option that could eliminate the need for com-
bination and/or multidosed antibiotic regimens for the empiric
treatment of intraabdominal infections.

Complicated intraabdominal infections (i.e., those requir-
ing both operative drainage and antimicrobial therapy) are

among the most common infections in general surgery.
Antimicrobial therapy is an important element in the man-
agement of these infections; there are convincing data that
absent or inadequate empiric antibiotic therapy results in
both increased failure rates and increased mortality.1–4 The
infecting flora seen with community-acquired intraabdomi-
nal infections is well known and consists of aerobic, facul-
tative, and anaerobic gram-negative bacilli, various strepto-
cocci and enterococci, and a plethora of gram-positive
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anaerobes.5–7 The synergistic interactions between endotox-
in-bearing gram-negative organisms and Bacteroides fragi-
lis define both groups as important targets for antimicrobial
therapy.8

Ertapenem (formerly MK-0826, Merck & Co., Inc.) is
being investigated as a once-a-day parenteral �-lactam an-
timicrobial agent with the potential for use as monotherapy
for the treatment of community-acquired mixed flora infec-
tions. This approach is based on its spectrum of activity,
previously reported clinical studies that used once-a-day
dosing, pharmacodynamic studies in animals, and pharma-
cokinetic studies in both humans and animals.9,10 Ertap-
enem is highly active in vitro against gram-positive and
gram-negative aerobic, facultative, and anaerobic bacteria,
including the predominant pathogens responsible for intra-
abdominal infections.11–13 However, it provides limited
coverage against Pseudomonas aeruginosa, Acinetobacter
spp, and enterococci, organisms generally associated with
nosocomial infections.

The primary objectives of this study were to determine
the clinical and microbiologic efficacy and safety of ertap-
enem for patients with complicated intraabdominal infec-
tions. The comparative agent was piperacillin/tazobactam, a
�-lactam/�-lactamase inhibitor combination agent that has
been well studied and is approved in the treatment of
intraabdominal infection.14 This agent is typically adminis-
tered at 3.375 g every 6 hours in the United States.

This study also provided an opportunity to analyze an
additional element of clinical trial design, the adequacy of
surgical source control. Inadequate control of infection,
through either incomplete drainage or incomplete manage-
ment of enteric perforations, is an independent risk factor
for treatment failure.15,16 An expert panel review process
was conducted to examine, under blinded conditions, the
adequacy of surgical source control as a component of
evaluability in a prospectively generated and well-docu-
mented group of patients.

METHODS

Protocol

This was a prospective, multicenter, double-blind (also
with sponsor blinding), randomized, comparative study to
evaluate the safety, efficacy, and tolerability of ertapenem
versus piperacillin/tazobactam in the treatment of compli-
cated intraabdominal infection in hospitalized adults. Com-
plicated infection is defined as an infection requiring surgi-
cal intervention and one that extends beyond the hollow
viscus of origin into the peritoneal space, and is associated
either with abscess formation or peritonitis. This trial was
conducted in accord with Infectious Disease Society of
America/Food and Drug Administration (IDSA/FDA)
guidelines.17,18 The protocol was reviewed and approved by
each institutional review board/ethical review committee,
and written informed consent was obtained for each patient
according to the guidelines of the institution.

Inclusion Criteria

Patients were eligible for inclusion if they were at least 18
years of age and showed clinical evidence of intraabdominal
infection, and operative or percutaneous drainage of an
infectious focus was either planned or recently performed
(within 24 hours), confirming the presence of complicated
intraabdominal infection. Allowed interventions included
open laparotomy, laparoscopy, and percutaneous drainage
procedures. The protocol required that specimens be sent for
aerobic and anaerobic cultures at the time of the initial
intervention.

Prior antibiotic therapy was allowed only if the patient
received less than 24 hours of prior therapy or was consid-
ered to have failed that treatment if there had been more
than 24 hours of treatment. Non-study antibiotics were
stopped before study treatment was begun. For patients
enrolled after intervention, no more than a single dose of
non-study therapy given after the intervention was allowed.

Exclusion Criteria

Patients were excluded from entry for diagnoses of trau-
matic bowel perforation operated on within 12 hours of
injury; perforation of gastroduodenal ulcers with operation
within 24 hours of perforation; simple cholecystitis; simple
appendicitis; acute suppurative cholangitis; and infected,
necrotizing pancreatitis; and planned management by staged
abdominal repair or open abdomen technique.

Other reasons for exclusion included history of anaphy-
laxis or serious allergy to either study agent or antibiotic
agents in the carbapenem or other �-lactam class; low
likelihood of either treatment response or survival to the 4-
to 6-week follow-up visit, APACHE II score more than
30;19 baseline pathogens known to be resistant to study
agents at study entry; concurrent confounding infection; use
of other investigational therapy within the previous 30 days;
immunosuppressive therapy or diagnosis of AIDS accord-
ing to current Centers for Disease Control (CDC) criteria;
and previous enrollment in the trial. Patients with creatinine
clearance of 30 mL/min or less or undergoing dialysis were
also excluded, as were those with ALT or AST more than
six times the upper limit of normal (ULN), bilirubin more
than three times ULN, neutropenia (�1,000 � 106 neutro-
phils/L), platelets less than 75,000/mm3, or PT or PTT more
than 1.5 times ULN. Pregnant or nursing women and fertile
women not practicing adequate contraception were also
excluded.

Randomization

The study pharmacist was unblinded and performed the
randomization and treatment allocation procedures. The un-
blinded pharmacist also prepared the blinded study infu-
sions but did not administer study therapy or perform any
patient assessments. Blinded study personnel performed

236 Solomkin and Others Ann. Surg. ● February 2003



study drug administration and patient assessments. Ran-
domization was performed using allocations determined
with a block size of four.

To achieve balance in the treatment groups, patients were
stratified before randomization based on the primary site of
infection (complicated appendicitis without generalized
peritonitis vs. all other diagnoses) and severity of illness
(APACHE II score �15 or �15). To limit the proportion of
cases with complicated appendicitis without generalized
peritonitis, the protocol specified that enrollment into that
stratum at all sites was to be closed when approximately
50% of target enrollment was achieved.

Study Treatment

Patients were randomized (1:1) to receive ertapenem 1 g
once a day with placebo infusions at 6-hourly intervals or
piperacillin/tazobactam given 3.375 g every 6 hours. For
piperacillin/tazobactam, dosage adjustments for renal fail-
ure were made according to product labeling. Study therapy
was given for a minimum of 4 full days, unless treatment
failure was identified earlier, and the suggested maximum
duration was 14 full days.

Addition of open label vancomycin was permitted if
Enterococcus or methicillin-resistant Staphylococcus au-
reus was one of the pathogens isolated, and if, in the opinion
of the investigator, specific therapy was indicated. In such
cases the patient could remain evaluable provided gram-
negative pathogens were also present at baseline. Antifun-
gal therapy was permitted according to the usual practice of
the investigator.

Microbiologic Procedures

Appropriate aerobic and anaerobic cultures were required
for all patients at the time of the initial procedure within 24
hours of enrollment. Aerobic organisms were tested for in
vitro susceptibility to ertapenem and piperacillin/tazobac-
tam in the local microbiology laboratory using standard disk
diffusion or MIC test using NCCLS guidelines and either
approved (for piperacillin/tazobactam) or provisional (for
ertapenem) breakpoints. Specimens of infected fluid or tis-
sue from study sites outside the United States were sent in
transport media to a central reference laboratory (Alden
Laboratories, Santa Monica, CA) for anaerobic isolation
and susceptibility testing.

Definitions of Patient Populations

All determinations of evaluability were made before un-
blinding using prespecified criteria. The analyses described
below are on the clinical modified intention-to-treat (MITT)
population and the microbiologically evaluable population.
The clinical MITT population was composed of randomized
patients who received at least one dose of study drug and
met the minimal disease definition. The minimal disease

definition included all intraabdominal infections, whether
complicated (perforating) or not. Examples of excluded
diagnoses were sterile fluid collections and necrotizing pan-
creatitis. Identification of baseline pathogens was not re-
quired for this population.

The microbiologically evaluable per protocol population,
which was used for the primary analysis, was a subset of the
clinical MITT population comprised of patients with: (1)
complicated intraabdominal infection (no prior antibiotic
use �24 hours in the absence of failure); (2) adequate
surgical source control at the initial intervention; (3) suffi-
cient information to determine outcomes; (4) no confound-
ing factors that interfered with the assessment of that out-
come; (5) identified baseline pathogens, one or more of
which were susceptible to both study therapies; (6) adequate
duration of study therapy (patients had to receive at least 4
days and not more than 17 days of study therapy to be
considered evaluable cures and at least 2 days of therapy to
be considered evaluable failures); (7) test-of-cure assess-
ment; and (8) assessment of a microbiologic response. Pa-
tients receiving additional antimicrobial therapy for postop-
erative infection outside the abdomen before 5 days of study
therapy were not included in the evaluable group; if treat-
ment for the postoperative infection began after 5 days on
study therapy, these patients were included as evaluable, as
specified in the IDSA/FDA guidelines for studies in com-
plicated intraabdominal infection.18

Clinical and Microbiologic Outcome
Assessments and Definitions

Clinical and microbiologic outcome assessments were
made at the time intravenous therapy was discontinued, at 1
to 2 weeks after completion of therapy (the early follow-up
visit), and at 4 to 6 weeks after completion of therapy (the
test of cure visit).

Clinical cure was defined as resolution of the index
infection, with no further antibiotic therapy necessary. Clin-
ical failure was defined as one of the following: (1) persist-
ing or recurrent infection within the abdomen, documented
by findings at percutaneous or operative reintervention; (2)
postsurgical wound infection; (3) death related to ongoing
intraabdominal infection; or (4) treatment with additional
antibiotics for undocumented intraabdominal infection dur-
ing the study period. For the MITT analysis, patients with
indeterminate clinical outcomes were considered treatment
failures.

Expert Assessment of Adequacy of the
Initial Intervention

Inadequate surgical source control was considered a rea-
son for clinical nonevaluability in this study since inade-
quate surgical management of the presenting infection could
obscure the assessment of antimicrobial efficacy. To assess
the adequacy of surgical source control in a consistent
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manner, a prespecified procedure was established that en-
listed a committee of eight experts to assess the adequacy of
source control under blinded conditions. This committee
included seven surgeons and one interventional radiologist,
of whom five were study investigators. The committee
reviewed all cases in two categories: all those cases scored
as a failure by the local investigator, and all cases in which
an unplanned second procedure was performed, to ensure
there was no evidence of occult failure when these cases
were considered cured by the investigator. All data were
blinded during the two-step review process, and included
case report form data extractions, operative notes, and nar-
rative summaries of the cases.

For operative procedures, adequacy was defined as con-
trol of the underlying pathologic process by resection, clo-
sure, or drainage, and drainage of existing purulent collec-
tions. For percutaneous procedures, adequacy was
determined by review of the imaging studies by an experi-
enced interventional radiologist and included adequate
drainage of all collections initially present. The key issue for
the panel was not whether better alternative methods of
management were available, but rather whether the method
chosen was adequate to effect cure with adequate antimi-
crobial and supportive care.

In the first step, three reviewers independently judged the
adequacy of the intervention for each case; panel members
did not initially review cases from their own sites. If com-
plete agreement was reached among the three reviewers that
the initial procedure was adequate, or that in the case of a
second procedure there was no evidence of occult failure,
the case was not further discussed, and source control was
considered adequate. If there was any discordance, the case
was presented to the full panel for discussion and majority
decision. Lavage of the peritoneal or abscess cavity with
antibiotics was prohibited. The decision to use percutaneous
or operative intervention was made by the treating physi-
cian. The operating surgeon made decisions regarding clo-
sure of the skin incision and the use of drains.

Statistical Analysis

Clinical Outcome and Treatment Equivalence

The primary hypothesis tested in this study was that the
proportion of microbiologically evaluable patients who
were cured in the ertapenem and piperacillin/tazobactam
treatment groups would be equivalent at the test of cure
visit. The definition of equivalence used was that the 95%
(two-sided) confidence interval for the difference in re-
sponse rates between the two treatment groups (test drug
group minus control group) contained zero and the lower
limit of the confidence interval was not less than �15%
points. A categorical modeling procedure provided point
estimates (means and variances) for the differences between
treatment group outcomes. Adjustment was made for the
effect of stratification.

Secondary analyses included comparison of favorable
clinical and microbiologic response rates in microbiologi-
cally evaluable patients at the earlier time points of discon-
tinuation of intravenous study therapy and at the 1- to
2-week early follow-up assessment. Comparison of the clin-
ical response rates in the clinical MITT populations was
performed as a supportive analysis. To examine specific
subgroups of microbiologically evaluable patients, pre-
specified subset analyses included primary outcomes by
anatomic site of infection and infectious process. Explor-
atory analyses were performed using outcomes across the
range of APACHE II scores and for other baseline disease
characteristics. Observed response rates are presented for
these subgroups.

Logistic Regression

To assess possible prognostic factors for treatment fail-
ure, a post hoc logistic regression was performed using
combined clinical and microbiologic outcome as the depen-
dent variable and several possible prognostic factors as
independent variables. These were treatment group;
APACHE II score; presence of generalized peritonitis; an-
tibiotic treatment of more than 2 days before study entry;
initial organ site of infection (appendix vs. all other);
polymicrobial versus monomicrobial infection; primary
wound closure; U.S. site versus non-U.S. site; high-enroll-
ing versus low-enrolling site; age; sex; presence of an
abscess; postoperative etiology; at least one baseline resis-
tant pathogen; and enterococcus as a baseline pathogen.
Analysis was performed using SAS PROC LOGISTIC with a
stepwise variable selection procedure. The significance level
for entering a variable into the model was specified at 0.25.

RESULTS

Fifty-seven sites participated in this study, including cen-
ters in Argentina, Belgium, Brazil, Canada, Chile, Colom-
bia, France, Germany, Guatemala, Italy, Mexico, Peru, Rus-
sia, South Africa, Spain, Switzerland, the United States, and
Venezuela. Twenty-six sites were in the United States.

Six hundred thirty-three patients were randomized: 323
were randomized to ertapenem and 310 were randomized to
piperacillin/tazobactam. Two hundred three ertapenem-
treated patients and 193 piperacillin/tazobactam-treated pa-
tients were microbiologically evaluable. The reasons 237
randomized patients were considered not microbiologically
evaluable for analysis are detailed in Table 1. The most
common reason was absence of identified pathogens. No
differences between study arms were identified.

The expert panel reviewed 145 of the 633 randomized
patients. Of these, 96 went to second-step face-to-face re-
view. Of these, 22 patients (9 in the ertapenem group, 13 in
the piperacillin/tazobactam group) were judged by the ex-
pert panel to have had inadequate source control in their
initial interventions. Of the 145 cases reviewed, 5 patients
overall who had second procedures and were rated as cures
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by the investigator were considered by the panel as failures,
and as a result these were downgraded to failures for analysis.

Demographics, Baseline Disease
Characteristics, and Infectious
Pathology

The demographic and baseline disease characteristics of
the randomized and microbiologically evaluable popula-
tions are detailed in Table 2. There were no differences
between the treatment groups.

Since multiple infectious processes could have been re-
ported for a single patient, a hierarchy was established for
reporting purposes (1, generalized peritonitis; 2, multiple
abscess; 3, single abscess; and 4, localized disease, which
included localized peritonitis and visceral perforations in
the absence of frank abscess or peritonitis). Patients were
scored as having the infectious process highest in this hier-
archy if they had multiple processes reported. Approxi-
mately 11% of microbiologically evaluable patients had
postoperative infection at entry. The duration of therapy was
similar in the two treatment groups. The clinical MITT data
were similar (not shown). Details of the interventional pro-
cedures performed are provided in Table 3.

Approximately 4% of microbiologically evaluable pa-

tients in each treatment group received vancomycin for
gram-positive baseline pathogens, as allowed per protocol.

Microbiologic Findings

Polymicrobial infection was documented in the majority
of microbiologically evaluable patients (335/396 [84.6%]),
with gram-negative and anaerobic organisms most preva-
lent. The most frequent isolates were E. coli, B. fragilis and
other Bacteroides spp, and Clostridium spp. The organisms
encountered in this study were similar to those reported in
previous studies, and the most common are displayed in
Table 4. Susceptibility data for anaerobes isolated from
patients in this study enrolled at all non-U.S. sites and
selected U.S. sites has been previously published; these data
show excellent activity of ertapenem for a wide range of
anaerobic pathogens.11

Clinical and Microbiologic Outcome and
Treatment Equivalence

The primary and supportive efficacy analyses are shown
in Table 5. In the primary efficacy analysis, 176 of the 203
(86.7%, adjusted for stratum) microbiologically evaluable
patients treated with ertapenem had favorable clinical and
microbiologic responses and were therefore considered
cures, as did 157 of the 193 (81.2%, adjusted for stratum)
treated with piperacillin/tazobactam. The result of the pri-
mary analysis meets the prespecified definition for equiva-
lence of ertapenem and piperacillin/tazobactam; the MITT
analysis confirms this result.

Cure rates at the time of discontinuation of intravenous
therapy and at the early follow-up visit show slightly higher
response rates for ertapenem and support the primary anal-
ysis. In a post hoc analysis of efficacy in patients who were
evaluable at the early follow-up visit, which includes patients
who were not evaluable only because they did not return for a
final assessment, the cure rates were 190/212 (89.6%) for the
ertapenem group and 162/196 (82.7%) for the piperacillin/
tazobactam group, with a difference of 7.0%. The 95% confi-
dence interval about the observed difference between the cure
rates for this population was 0.3 to 13.7.

Categories of Treatment Failure

Categories of treatment failure are presented in Table 6.
Most failures were due to documented persistent or recur-
rent infection or surgical site infections. The most common
anatomic findings at the time of failure were abscess and
deep or superficial incisional surgical site infection.

Outcome Results for Patients With
Severe Infections

Subset analyses that were prespecified as supportive anal-
yses and other exploratory subset analyses are shown in

Table 1. REASONS 237 PATIENTS WERE
EXCLUDED FROM THE CLINICALLY AND

MICROBIOLOGICALLY EVALUABLE
PATIENT GROUP

Ertapenem
Piperacillin/
Tazobactam

Number of patients not evaluable n � 120 n � 117
Reasons patients were not

evaluable
No baseline pathogen identified 52 52
Inadequate duration of therapy 32 22
4–6-week follow-up visit missing 24 25
Concomitant antibiotics used (not

for suspected intraabdominal
failure)

13 12

Confounding events/other* 11 10
Inadequate source control 9 13
Not complicated intraabdominal

infection
8 9

All baseline pathogens were
resistant

6 7

Prestudy antibiotics �24 hours
(in absence of failure)

6 5

Some patients had multiple reasons for exclusion.
* Includes baseline exclusions (active malignancy [5], renal insufficiency [1], hem-

orrhagic pancreatitis [1], chronic immunosuppression [1], management by
staged abdominal repair [2], amebic liver abscess [1], intrapelvic infection [1],
and pneumonia with severe CHF/COPD), intercurrent events including acute MI
(2), cardiac arrest (2), deep venous thrombosis (1), concurrent surgical condition
(1), concomitant antibiotics used as protocol violation (1).
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Table 7. Statistical analysis was not preplanned for these
subsets and thus not performed. The response rates for
patients with high APACHE II scores were generally lower
than for patients with low APACHE II scores, but the total
number of evaluable patients with high APACHE II scores
was small, and there was an imbalance between the treat-
ment groups among patients with the highest APACHE II
scores (�20).

Patients with complicated appendiceal infection had sim-
ilar response rates in the two treatment groups. Ertapenem
showed consistently higher response rates than the compar-
ator in patients with infections that were more difficult to
treat. Patients with nonappendiceal infection had response
rates of 83.8% in the ertapenem group and 68.8% in the
piperacillin/tazobactam group. Patients with generalized
peritonitis had response rates of 83.3% in the ertapenem
group and 73.6% in the piperacillin/tazobactam group. In
addition, patients with postoperative infections had re-
sponse rates of 75% in the ertapenem group and 40.9% in
the piperacillin/tazobactam group.

Pseudomonas aeruginosa and
Enterococcal Infections

Because of the anticipated differences of in vitro suscep-
tibility to the two study agents for Pseudomonas aeruginosa
and enterococcus, the outcomes associated with these
pathogens are presented. For P. aeruginosa isolated as a
baseline pathogen, susceptibility rates were lower, as ex-
pected, for ertapenem (60% susceptible in the ertapenem
treatment group, n � 25 isolates tested) than for piperacil-
lin/tazobactam (100% susceptible in the piperacillin/ta-
zobactam group, n � 22 isolates tested). Clinical response
rates for P. aeruginosa were 19/26 (73.1%) for the ertap-
enem group and 23/26 (88.5%) for the piperacillin/tazobac-
tam group.

Enterococcal susceptibility rates were, as anticipated,
lower for ertapenem (32% susceptible, n � 62 isolates
tested) compared with piperacillin/tazobactam (97% sus-
ceptible, n � 33 isolates tested). Post hoc analyses com-
pared the clinical response rates of patients with any en-
terococcal infection at baseline. The clinical response rates

Table 2. BASELINE CHARACTERISTICS OF RANDOMIZED AND MICROBIOLOGICALLY
EVALUABLE PATIENTS, AND TREATMENT DURATION

Randomized Microbiologically Evaluable

Ertapenem
(n � 323)

Piperacillin/tazobactam
(n � 310)

Ertapenem
(n � 203)

Piperacillin/tazobactam
(n � 193)

Gender
Male 193 (59.3) 197 (63.5) 133 (65.5) 131 (67.9)

Age (years)
Mean (� SD) 46.2 (19.0) 45.4 (18.9) 44.9 (18.6) 43.1 (17.7)
Range 17–92 17–92 17–89 17–86
�65 61 (18.9) 58 (18.7) 32 (15.8) 28 (14.5)

Primary Infection: Anatomic site
Appendix 154 (47.7) 146 (47.1) 123 (60.6) 113 (58.5)
Colon 56 (17.3) 65 (21.0) 36 (17.7) 36 (18.7)
Gangrenous or abscessed
cholecystitis

27 (8.4) 19 (6.1) 13 (6.4) 10 (5.2)

Small Bowel 30 (9.1) 25 (8.1) 13 (6.4) 11 (5.7)
Stomach/Duodenum 28 (8.7) 22 (7.1) 9 (4.9) 8 (4.1)
Visceral abscess 3 (0.9) 7 (2.3) 1 (0.5) 3 (1.6)
Other 23 (7.1) 26 (8.4) 8* (3.9) 12† (6.2)

Infectious Process
Generalized peritonitis 98 (30.3) 91 (29.4) 60 (29.6) 53 (27.5)
Abscesses, multiple 16 (5.0) 9 (2.9) 9 (4.4) 4 (2.1)
Abscess, single 94 (29.1) 105 (33.9) 59 (29.1) 67 (34.7)
Localized peritonitis 113 (35.0) 105 (33.9) 75 (37.0) 69 (35.8)
No process indicated 2 (0.6) 0 0 0
Postoperative infection 40 (12.4) 40 (12.9) 20 (9.9) 22 (11.4)
Days on study therapy, mean (� SD) 7.1 (� 3.7) 7.5 (� 3.0) 7.6 (� 3.0) 7.8 (� 2.8)
Range 1–28 1–18 4–17 4–18

Data are given as n (%).
* Other anatomic sites in the ertapenem group, as provided by the investigator, included postappendectomy infection (2), induced abortion—uterus (1), pelvic

inflammatory disease (1), pancreatic pseudocyst (1), peritoneum (1), intraabdominal abscess (1), and subphrenic space (1).
† Other anatomic sites in the piperacillin/tazobactam group, as provided by the investigator, included postappendectomy infection (2), unspecified (2), retroperitoneal

process (2), subhepatic (1), secondary to penetrating trauma (1), single abscess (1), post-cesarean section (1), and biliary-cholangitis (2).
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for enterococcus includes the patients who were given van-
comycin, whereas eradication rates exclude the enterococ-
cal isolates from patients who received vancomycin. Clini-
cal response rates were 50/65 (76.9%) for ertapenem-treated
patients and 24/37 (64.9%) for piperacillin/tazobactam-
treated patients. Microbiologic eradication rates were also
calculated and were 55/61 (90.2%) for ertapenem and 27/37
(73.0%) for piperacillin/tazobactam. The relatively high re-
sponse rates for enterococcus were not an artifact of van-
comycin use, since both clinical and microbiologic response
rates for ertapenem were generally similar to piperacillin/
tazobactam even when vancomycin use was excluded.

Mortality

While only one death occurred as a study end point in the
primary analysis population, there were a total of 31 deaths
in the study, 20 in the ertapenem group and 11 in the
piperacillin/tazobactam group. Death was not recorded as
the cause of failure because the first event defining failure
(e.g., documented persistent or recurrent infection) was
used to categorize the failure. Therefore, patients who de-
veloped recurrent infection or who had other bases for
failure were scored as such, even if they subsequently died.

These deaths occurred in patients with significant comor-
bidity and/or severe baseline infection. The number of pa-
tients with APACHE II scores of at least 20 in the ertap-
enem treatment group (n � 13) was greater than in the

piperacillin/tazobactam group (n � 6), and this was re-
flected in skewed mortality data. This maldistribution of
mortality was primarily accounted for by the finding that
five patients randomized to ertapenem died within 48 hours
of study entry, a time frame too short for outcome to be
affected by antimicrobial therapy. None of the deaths was
considered drug-related by the investigator, and detailed
review of the case records and narrative information of all
patients who died revealed no evidence to suggest that their
antimicrobial regimen contributed to their deaths.

Logistic Regression

A posthoc logistic regression was performed using com-
bined clinical and microbiologic outcomes of the evaluable
patient population (success/failure) as the dependent vari-
able with a stepwise variable selection procedure. Three of
the independent variables contributed significantly to pre-
diction of the outcome. Postoperative infection (vs. absence
of postoperative infection, odds ratio � 2.95, 95% confi-
dence interval 1.22–7.19), patients enrolled in a U.S. site
(vs. patients enrolled in non-U.S. sites, odds ratio � 3.38),
and presence of generalized peritonitis (vs. absence of gen-

Table 3. INITIAL INTERVENTIONS IN THE
MICROBIOLOGICALLY EVALUABLE

POPULATION

Ertapenem
(n � 203)

Piperacillin/
Tazobactam

(n � 193)

Type of intervention
Percutaneous 11 (4.9) 8 (4.1)
Laparoscopic 15 (7.4) 10 (5.2)
Open 176 (86.7) 175 (90.7)

Drains
Percutaneous catheter 8 (3.9) 8 (4.1)
Penrose through incision 13 (6.4) 10 (5.2)
Penrose separate site 31 (15.3) 26 (13.5)
Closed suction 14 (6.9) 20 (10.4)
None 116 (57.1) 111 (57.5)
Other 20 (9.9) 18 (9.3)

Wound closure
Primary 137 (67.5) 132 (68.4)
Delayed primary 23 (11.3) 24 (12.4)
Secondary 28 (13.8) 25 (13.0)
Other 2 (1.0) 2 (1.0)
Not applicable 12 (5.9) 10 (5.2)

Timing of initial procedure
Before first dose of study drug 195 (96.1) 186 (96.4)
After first dose of study drug 7 (3.4) 7 (3.6)

Data are given as n (%).

Table 4. MICROORGANISMS ISOLATED
FROM MICROBIOLOGICALLY EVALUABLE

PATIENTS

Ertapenem
(n � 203)

Piperacillin/
Tazobactam

(n � 193)

Facultative and aerobic gram-
negative bacilli

E. coli 147 132
Enterobacter spp 8 12
Klebsiella spp 26 26
Acinetobacter spp 7 7
P. aeruginosa 25 26
Proteus spp 12 5
Other 10 23

Anaerobes
Clostridium spp 67 63
Eubacterium spp 42 29
Peptostreptococcus spp 36 26
Bacteroides fragilis 74 68
Other Bacteroides spp 148 158
Fusobacterium spp 16 11
Bilophila spp 31 27
Prevotella spp 25 15
Others 40 36

Gram-positive aerobic cocci
Enterococcus not speciated 31 16
Enterococcus faecalis 26 17
Enterococcus faecium 8 4
Staphylococcus aureus 5 3
Other Staphylococcus spp 11 11
Streptococcus spp 40 49
Viridans Streptococcus 13 17
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eralized peritonitis, odds ratio � 2.05) were significant
predictors of failure (P � .05 for each of the three indepen-
dent factors).

The model was reexamined without these three factors to
identify variables highly correlated with the three significant
ones from the first analysis. In this case, antibiotic treatment
for more than 2 days before study entry was a significant
predictor of failure (P � .0076). The odds ratio was 2.6,
with a 95% confidence interval of 1.3 to 5.2, representing
the odds of failure ascribed to antibiotic treatment for pa-
tients who had (vs. those who did not have) antibiotic
treatment for more than 2 days before study entry. If the
initial organ site of infection was the appendix (relative to
all other organ sites), the odds of failure to antibiotic treat-
ment were decreased to 0.5, with a 95% confidence interval
of 0.3 to 0.9.

Adverse Events

The most common drug-related clinical adverse experi-
ences were diarrhea and phlebitis/thrombophlebitis (inci-
dence of 5.7% and 4.1% respectively in the ertapenem
group and 7.5% and 3.3% in the piperacillin/tazobactam
group); these were generally of mild to moderate severity.
No patients discontinued treatment due to diarrhea. There
were two patients in the ertapenem group in whom C.
difficile-associated diarrhea was reported. Four patients in
the ertapenem group discontinued therapy as a result of a
drug-related adverse experience (one each rash, confusion,
thrombocytopenia, and grand mal seizure) compared with
six patients in the piperacillin/tazobactam group (two rash,
one deep vein thrombosis, one infused vein complication,
one patient with confusion and jaundice, and one patient
with hypertension and seizure disorder).

The most common drug-related laboratory adverse expe-
riences were increased liver transaminases (ALT and AST)
and increased serum alkaline phosphatase. The incidences
of adverse experience of ALT, AST, and alkaline phospha-
tase increase were 6.7%, 6.0%, and 7.0%, respectively, in
the ertapenem group and 6.4%, 6.8%, and 6.4% in the
piperacillin/tazobactam group. These elevations were gen-
erally mild to moderate and were transient, where follow-up
information was available. No patients discontinued treat-
ment due to serious laboratory adverse experiences.

DISCUSSION

Analysis of Outcome Results

The current study was undertaken to evaluate the safety
and efficacy of a structurally unique carbapenem with ac-
tivity against the gram-negative, gram-positive, and anaer-
obic organisms encountered in intraabdominal infections.
This study documented the equivalence of ertapenem 1 g
once a day and piperacillin/tazobactam 3.375 g every 6
hours in the population enrolled. The finding of equivalence

Table 5. EFFICACY RESPONSE RATES FOR PRIMARY AND SUPPORTIVE POPULATIONS

Analysis Population

Ertapenem Piperacillin/Tazobactam

n

Response Rate*

n

Response Rate* Difference*

% (95% CI) % (95% CI) % (95% CI)

Microbiologically evaluable population†
At discontinuation of study therapy 203 92.1 (88.7–95.5) 193 88.0 (83.7–92.3) 4.1 (�2.2–10.0)
At early follow-up (2 weeks) 202 89.1 (85.2–93.0) 191 82.1 (76.9–87.2) 7.0 (�0.3–13.4)
At late follow-up (4–6 weeks) 203 86.7 (82.3–91.1) 193 81.2 (76.0–86.5) 5.5 (�2.2–13.1)
Clinical modified intention-to-treat group‡ 311 79.3 (75.0–83.6) 304 76.2 (71.6–80.9) 3.1 (�3.6–9.8)

* Computed from a statistical model adjusting for strata.
† Favorable combined clinical and microbiological response.
‡ Favorable clinical response.

Table 6. CATEGORIES OF CLINICAL
FAILURE

Ertapenem
(n � 27)

Piperacillin/
Tazobactam

(n � 36)

Death 1 —
Documented recurrent or

persistent
9 14

Intraabdominal infection
Superficial incisional surgical site

infection
7 7

Deep incisional surgical site
infection

4 4

Undocumented intraabdominal
infection

2 9

Others 4* 2†

* Includes empyema (1), intestinal fistula (1), septic shock with recurrent fistula (1),
septicemia (1).

† Includes septic shock (1), organ space surgical site infection (1).
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in the primary analysis group, the microbiologically evalu-
able population, was supported by results with the MITT
group and by a series of preplanned and post hoc subset
analyses.

Use of Ertapenem in Patients With
Severe Intraabdominal Infections

Two questions relating to efficacy must be answered in
any phase III clinical trial of an agent intended for use in
intraabdominal infections. The first concerns the efficacy of
the agent against the polymicrobial flora commonly seen in
such infections; the second is definition of appropriate pa-
tient groups to be treated with the agent.

Perforated or abscessed appendicitis is an accepted sur-
rogate to test the in vivo antibacterial activity of broad-
spectrum agents such as ertapenem and piperacillin/
tazobactam. The disease is common and provides certain
advantages since a relatively young population, without
substantial confounding disease and without risk of mortal-
ity, is studied. A relatively uniform pathology is also en-
countered in such patients, and source control is readily
accomplished by standard and widely accepted operative
techniques. This enhances the probability that the differ-
ences observed between groups are due to differences in
antibiotic efficacy rather than source control. In this setting,
important differences between antibiotic regimens have pre-
viously been identified.2,20,21

There is concern, however, that this disease process does
not accurately mimic the breadth of anatomic pathology and
physiologic derangement (measured by APACHE II score)
encountered in other forms of intraabdominal infection.
These populations (appendiceal vs. nonappendiceal sources
of infection) provide overlapping and complementary infor-
mation regarding the antimicrobial efficacy of the agent in
humans and the safety of the agent across various patient
groups. To balance these objectives, we stratified enroll-
ment by diagnosis and specified that 50% of patients en-
rolled across all centers be appendicitis cases.22 The distri-
butions of nonappendiceal diseases and of severity scores in
this study were similar to those in recently reported trials.

The number of evaluable patients with high APACHE II
scores was too small for statistical analysis. For APACHE II
ranges below 15, the response rates were similar in both
treatment groups. Consequently, the response rates in other
subgroups were also examined for insight into the activity
of ertapenem in patients with severe infection. Patients with
nonappendiceal infection had response rates of 83.8% (67/
80) in the ertapenem group and 68.8% (55/80) in the pip-
eracillin/tazobactam group. Patients with generalized peri-
tonitis, which has been associated with higher rates of
failure in previous studies, had response rates of 83.3%
(50/60) in the ertapenem group and 73.6% (39/53) in the
piperacillin/tazobactam group. Patients enrolled with post-
operative infections, accounting for 10.6% of infections,

Table 7. EFFICACY RATES IN SUBGROUPS OF THE MICROBIOLOGICALLY EVALUABLE
POPULATION (OBSERVED DATA)

Ertapenem (n � 203) Piperacillin/Tazobactam (n � 193)

n/m (%) n/m (%)

APACHE II score range
0–4 58/59 (98.3) 49/57 (86.0)
5–9 70/84 (83.3) 69/88 (78.4)
10–14 35/42 (83.3) 28/35 (80.0)
15–19 10/13 (76.9) 10/12 (83.3)
20–24 2/4 (50.0) 1/1 (100)
25–29 1/1 (100) —

Primary site of infection
Appendix 109/123 (88.6) 102/113 (90.3)
Biliary-cholecystitis 12/13 (92.3) 10/10 (100)
Colon 26/36 (77.8) 25/36 (69.4)
Small bowel 11/13 (84.6) 8/11 (72.7)
Stomach/duodenum 9/9 (100.0) 7/8 (87.5)
Liver/spleen abscess 0/1 (0.0) 1/3 (33.3)
Other 7/8 (87.5) 4/12 (33.3)

Infectious process
Generalized peritonitis 50/60 (83.3) 39/53 (73.6)
Multiple abscess 8/9 (88.9) 2/4 (50.0)
Single abscess 53/59 (89.8) 55/67 (82.1)
Localized disease 65/75 (86.7) 61/69 (88.4)

Postoperative infection 15/20 (75.0) 9/22 (40.9)

n/m, number of patients with favorable assessment at test of cure visit/number of patients with assessment.
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had response rates of 75% (15/20) in the ertapenem group
and 41% (9/22) in the piperacillin/tazobactam group.

In this study, patients whose infections included entero-
coccus who were treated with ertapenem had outcomes
similar, and indeed numerically superior to, those treated
with piperacillin/tazobactam, regardless of susceptibility
patterns. This finding is of note since enterococcus may be
a marker for patients with infections that are more difficult
to treat.23 The consistency across these subset analyses
supports the conclusion that ertapenem 1 g daily has broad
efficacy in the treatment of complicated intraabdominal
infections.

We believe the results of this study support the inclusion
of approximately half the cases as appendicitis, the others as
a range of nonappendiceal infections. Our data raise the
issue of stratified randomization for patients with failure of
prior therapy or postoperative infections, since these pa-
tients provide a small but important group with a high risk
of failure. Stratification on this parameter would ensure
even distribution between treatment arms.

The per pathogen clinical response data presented for
enterococcus and P. aeruginosa suggest that specific em-
piric treatment for enterococcus as part of a polymicrobial
nonbacteremic infection is not necessary. The allowed but
infrequent use of vancomycin did not obscure failures of
study therapy, since the use of vancomycin was associated
with lower response rates in this study. Although P. aerugi-
nosa is infrequent in community-acquired intraabdominal
infection, specific antipseudomonal therapy may be consid-
ered when it is identified in polymicrobial infection.

Adequacy of the Initial Intervention

The key determinant of outcome is the procedure per-
formed to deal with the anatomic source and consequence of
infection. The definition of an adequate operative procedure
is generally agreed on and involves drainage of all fluid
collections, closure, resection or drainage of any openings
into the gastrointestinal tract, and resection of inflamed
tissue. The latter aspect of operative management is the
most controversial, and recommendations have ranged from
complete peritoneal debridement to attention only to the
source of infection. The extent of such inflammation is an
important factor limiting the efficacy of percutaneous
drainage.24,25

The primary concern in the context of clinical trials of
antiinfectives is that the adequacy of intervention is an
independent variable determining outcome. Particularly
with the likely small number of patients not receiving ade-
quate source control, there is the very real possibility that
such patients would not be evenly distributed by random-
ization and would therefore skew results.

In the absence of clear rules for intervention, we chose to
review the procedures performed by use of an expert panel.
This process was defined prospectively and conducted in a
blinded manner. The expert review panel ultimately identi-

fied 22 patients as having had an inadequate intervention,
and 5 occult failures. It is notable that a relatively small
proportion of cases were considered to have inadequate
source control. Had these patients remained evaluable in the
primary analysis, the difference in observed response rates
would have been greater (6.8%). While it is likely that the
conclusion of this study would have been the same without
the benefit of the expert panel review process, the conduct
of the review provided important assurance regarding the
adequacy of the initial intervention in the heterogenous
patient population studied in this large multicenter trial.

CONCLUSIONS

In this study, the efficacy of ertapenem 1 g once a day
was statistically equivalent to piperacillin/tazobactam
3.75 g every 6 hours. Prospectively planned subset analyses
demonstrated consistent activity of ertapenem in patients
with postoperative infections, in patients with nonappen-
diceal infections, and in patients with generalized peritoni-
tis. Ertapenem was generally well tolerated and had a sim-
ilar safety and tolerability profile to the comparator agent in
this study, piperacillin/tazobactam. The clinical utility of
ertapenem will be in providing broad-spectrum coverage for
community-acquired infections with once-a-day dosing.
The results of this trial suggest that ertapenem may be a
useful option that could eliminate the need for combination
and/or multidosed antibiotic regimens for the empiric treat-
ment of intraabdominal infections.
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